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onstrated	 the	 need	 for	 detailed	 neotectonic	 reappraisal	 of	
the	DVP,	which	 consists	 primarily	 of	 a	 thick	 pile	 of	 trap-
pean	lava	flows	and	narrow	fringe	of	Quaternary	sediments.	



















generate	 the	 data	 on	morphostratigraphy	 and	 lithostratig-




















at	 the	 bottom	 part	 succeeded	 by	 a	 vesicular	 zone	 (Gupta	
&	Dwivedy	1996).	The	Deccan	trap	sequence,	in	general,	is	






The	 Deccan	 basalt	 flows,	 in	 general,	 are	 broadly	 hori-
zontal	in	disposition	and	exhibits	gentle	gradients.	The	gra-
dient	 is	 towards	ENE	and	SE.	Drilling	at	Killari	 (Gupta	&	
Dwivedy	 1996;	Gupta	 et	 al.	 1998)	 indicates	 that	 the	 total	
thickness	of	basaltic	layers	is	about	338	m	with	about	12–15	
flows.	The	 lava	 flows	 are	 underlained	 by	 8	m	 thick	 infra-















3.1  Satellite Data
For	the	present	study	the	IRS	P6	LISS	III	2010	satellite	data	
was	used	 to	 delineate	Quaternary	 litho	units	 of	 the	Terna	
River.	Active	channels	and	floodplain	features	were	mapped.	
The	 digital	 data	 format	 from	 Indian	 remote	 sensing	 satel-





ellite	 data	were	geometrically	 rectified	 and	geo-referenced	
and	merged	using	Arc	GIS	9.3.
Fig 1. Schematic views of Indian Tectonics and historic Earthquakes map 
of India (Modified after Bilham 2004). The values in bracket indicate the 
number of casualties because of the earthquake. Shading indicates flexure 
of India: a 4 km deep trough near the Himalaya and an inferred minor (40 
m) trough in south central India are separated by a bulge that rises ap-
proximately 450 m.
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The	 river	 shows	 the	 evidences	 of	 channel	 movement	
by	avulsion	and	 the	 lineaments	 largely	control	 these.	Old-







sandy	over	 bank	deposits.	They	occur	 as	 irregular	 patches	
and	can	be	related	to	the	older	course	of	the	river.	Several	
lineaments	run	NE-SW,	NW-SE,	E-W	and	WNW-ESE	direc-





Fig.	 4,	 litho-sections	were	 logged	 (Fig.	 5)	 and	 sedimentary	
structures	were	described.





referred	 are	 given	 in	Table	 4.	 Ages	 of	charcoal	 fragments	
were	 estimated	 by	 radiocarbon	 dating	 method	 following	
liquid	scintillation	spectrometry	(Yadava	&	Ramesh	1999).	









Fig. 2: Location map of study area for sites of lithologs along the Terna 
River Basin.
Tab. 1: Lava flows in the Terna River basin (Modified after GSDA, 1973–74).
Sr. No. Flow No. Lithology of the flow Altitude range (m) 
1 IX Highly jointed compact basalt flow (fine grained massive and moderately 
weathered) 
746.00 to 722.00 
2 VIII Jointed compact basalt flow (fine grained massive and moderately 
weathered) 
722.00 to 685.00 
3 VII Highly weathered vesicular amygdaloidal basalt flow 685.00 to 675.00 
4 VI Jointed compact basalt flow (fine grained massive, grey to dark grey 
coloured and poorly weathered) 
675.00 to 643.00 
5 -- Red bole bed 643.00 to 642.00 
6 V Compact basalt flow (fine grained massive and moderately weathered) 642.00 to 634.00 
7 -- Red bole bed 634.00 to 633.00 
8 IV Highly weathered vesicular amygdaloidal basalt flow 633.00 to 621.00 
9 III Jointed compact basalt flow (fine grained massive, dark grey coloured 
and highly to moderately weathered) 
621.00 to 580.00 
10 II Poorly weathered vesicular amygdaloidal basalt flow 580.00 to 569.00 
11 I Jointed compact basalt flow (fine grained massive, dark brownish 
coloured and poorly weathered) 
569.00 to 551.00 
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&	Reimer	1993).	In	most	of	the	cases	estimated	radiocarbon	
ages	 when	 calibrated	 results	 into	 several	 age	 ranges	 with	






4.1  Quaternary Sediments
In	the	Deccan	Peninsular	India	Quaternary	deposits	are	pri-
marily	fluvial.	They	are	confined	to	very	narrow	belts	along	













River	 basin	 have	 been	 divided	 into	 three	 informal	 forma-
tions	including	(i)	dark	grey	silt	formation	–	Late	Holocene,	
(ii)	 Light	 grey	 silt	 formations	–	Early	Holocene,	 (iii)	Dark	
grayish	brown	silt	 formation	–	Late	Pleistocene.	There	are	
















4.2  Morphostratigraphy of Terna River Sediments
Alluvial	plain	of	 the	Terna	River	shows	3	 terraces	namely,	
T0,	T1,	T2	 in	 increasing	order	of	elevations	 (Tab.	2).	These	













4.3  Lithologs of sediments exposed along Terna River
The	lithologs	of	the	Quaternary	sediments	are	studied	from	
the	source	area	of	the	Terna	River	at	Terkheda	to	the	conflu-













Fig. 4: Geological Map of the Terna River Basin.
Fig. 3: Lineament map of the study area showing lineaments occurring 
along NE-SW, NW-SE, E-W and WNW-ESE directions (Modified after 
Arya et al. 1995 and Srivastava et al 1997). TKL – Terna-Killari Linea-
ment, SKL – Sastur-Killari  Lineament, AOL – Ausa-Osmanabad Line-
ament, JKL – Jawalganala-Killari Lineament, KUL – Kallam-Umarga 
Lineament, GBL – Ghod-Bhima Lineament.
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at	Ter	village	(Fig.	5	c)	in	Latur	District	is	occurring	on	the	
western	bank	of	the	Terna	River.	






thin	 clay	 layers	 and	 grey	 clayey	 soil	 at	 the	 top	 (Fig.	 5	 d).	




The	Quaternary	 sediment	 found	 along	 the	Terna	 valley	
at	Ujni	(Fig.	5	f)	is	6.4	m	thick.	The	section	shows	sandy	silt	
at	the	base	followed	by	alternate	layers	of	silt	and	clay,	peb-













followed	by	alternate	 layers	of	clay	 (0.20	m),	 sandy	gravel	
layer	(1.50	m),	and	silty	clay	with	pebble	(2.50	m)	as	a	major	

















curring	at	Sawari village (Fig.	5	k)	and	having	 total	 thick-
ness	of	2.0	m	with	0.4	m	jointed	compact	basalt	exposed	at	
the	 base.	The	Quaternary	 sediment	 (1.6	 m	 thick)	 exposed	
consists	of	gravel	at	the	base,	which	is	followed	by	the	silty	













jointed	 compact	 basalt,	whereas	 at	Wanjarkheda	 there	 are	
two	 lava	 flows	 including	Amygdaloidal	 basalt	 flow	 at	 the	
base	followed	by	jointed	compact	basalt	flow	and	both	are	
separated	by	red	bole	bed.
Fig. 5: Lithologs of the sediments observed along the Terna Valley. a to n indicates the exposed lithologs at different localities.
Fig. 6: Geomorphic surfaces of Terna River Basin.
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ern	part,	 the	area	 is	characterised	by	 the	moderately	steep	

















tional	 features	 and	 the	 shallow	 focal	 depth	 consideration,	
it	is	suggested	that	block	rotation	tectonics	about	the	verti-
cal	axis	seems	to	have	played	a	crucial	role	in	causing	such	
a	deadly	 earthquake	of	magnitude	 6.3	 (Chetty	2006).	The	

















movements	along	 the	 reactivated	ancient	 structures	 in	 the	












&	Rajendran	 (1998)	 inferred	 that	 one	 ancient	 earthquake	
of	AD	450	had	occurred	around	one	such	archaeological	site	
near	Ter.











lineaments.	The	 topographic	 profile	 along	 the	Terna	 River	










valley	will	 result	 in	corresponding	changes	 in	 sinuosity	 so	
as	to	maintain	an	equilibrium	channel	slope	(Keller	&	Pin-
Terrace Origin Soil Type Soil Characteristics Av. Elevation m amsl
T0 Depositional Entisol (I) Dark Gray Sand and Silt 574.0
T1 Erosional Inceptisol (II) Gray Sand and Silt 582.5
T2 Depositional Vertisol (III) Dark Gray Sand and Silt with Gray 
Brown Clay
591.0
Fig. 7: Drainage morphology of Terna River basin showing the migration of 
river course (after Chetty 2006).
Tab. 2: Morphostratigraphy of Terna Alluvium.
























Topographic	 sinuosity	 index	 (TSI)	 in	 the	upland	areas	and	
pediment	 zone	 suggests	 that	 the	 meandering	 streams	 do	
not	belong	to	the	initial	denudation	cycle	(Friend	&	Sinha	














dip	 slickenlines	on	 the	 steep	dipping	 slickenside	 surface	 in	
the	drill	cores	confirm	dip	slip	nature	of	the	fault.	Howev-










The	deformational	 structures	 in	 the	 sediments	observed	
are	 flexures,	warps,	 buckle	 folds	 and	 vertical	 offset	 in	 the	
sediments	 (Fig.	 10).	These	 structures	are	earlier	 studied	by	
Rajendran	 (1997),	 Rajendran	 &	 Rajendran	 (1999)	 and	
Sukhija	et	al.	(2006).	The	variation	in	the	individual	layers	
that	belong	 to	 the	 same	deforming	mass	 can	be	explained	










The	up	 thrown	 block	 is	 on	 the	 southern	 side	 of	 the	 offset	
plane.	These	features	are	observed	in	the	15–20	cm	thick	in-
ter	layers	of	whitish	clay	in	blackish	clay.





















nary	 deposits	 (Rajendran	&	Rajendran	 1999).	The	 offset	
Fig. 8: Topographic profile along Terna River showing steep gradient 
before becoming flat (after Chetty 2006).
Fig. 9: Map showing segments studied for sinuosity.







and	 distinct	 fault	 systems,	 block	 rotation	 tectonics	 with	














development.	These	 movements	 based	 on	 the	 presence	 of	
sheared	segments	of	the	Archean	gneisses	were	also	respon-















for	 palaeoearthquakes	 in	 the	 vicinity	 of	 Killari	 led	 to	 the	
identification	 a	 deformation	 event	 dating	 to	 AD	 350–450,	
at	a	 location	known	as	Ter,	about	40	km	northwest	of	Kil-
lari	(Rajendran	1999).	The	data	on	age	dating	of	the	char-
coal	samples	varies	 from	AD	120	 to	AD	1671	and	 is	given	
in	Table	4.	In	the	present	study	the	calendar	ages	of	the	de-
formed	section	at	Ter	is	found	to	be	between	AD	1151	to	AD	
Fig. 10: Quaternary Sediments at Ter showing folding in upward section 
and faulting (f – f) in the middle part. The upper layer is marked with the 
pottery layer showing the warping (Location is given in Fig. 2). Arrows 
indicate the direction of compression for folding and horizontal shortening. 
Fig. 11: Photograph showing the flexure and horizontal shortening in the 
sediment at Ter village.
Fig. 12: Close-view of offset in 
middle of the section at Ter 




the	 sedimentary	 sections	 including	flexures,	warps,	 buckle	
fold	and	vertical	offsets.	Rajendran	(1997)	marked	the	sig-
natures	 of	 pre-existing	 earthquake	 (~1500	year	 ago).	These	
deformational	features	may	be	the	result	of	reactivation	of	




fect	 of	 topography	 on	 the	 sinuosity	 of	 the	 river	channels.	








proposed	 by	 Chetty	 &	 Rao	 (1994),	 while	 Kayal	 (2000)	
opined	 that	 the	Latur	 earthquake	 could	be	due	 to	 interac-
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353,	while	for	the	deformed	sections	at	Dhuta	and	Makhni	













quite	different	 than	the	 left	bank	section.	 It	consists	of	 top	
most	black	clayey	soil	followed	by	alternate	layers	of	sandy	
silt	and	clay,	which	is	succeeded	by	sandy	gravel,	clay	and	
pebbly	 gravel	 (with	 subangular	 pebbles)	 and	 jointed	 com-
pact	basalt	occurs	at	the	base	(Fig.	5	i).
The	epicenter	of	Latur	1993	earthquake	old	Killari	village	











The	 bluffs	 in	 general	 show	 evidences	 of	 deposition	 by	
river	surges	and	are	marked	by	alternating	layers	of	coarse	
sands	with	 cobbles	 and	 silty	 clay.	The	 courser	 layers	may	













The	 well-exposed	 vertical	 section	 of	 the	 mound	 along	
the	left	(southern)	bank	of	the	Terna	River,	was	selected	for	
paleoseismic	 investigation,	 this	 8	m	 thick	 section	 (Fig.	 10)	
extends	 in	 E-W	 trending	 arc	measuring	 about	 35	m	 long.	
This	section	mainly	consist	of	dumped	material	like	broken	
bricks,	pottery,	boulders	etc	 for	 the	 top	1.5	m,	 followed	by	










objects	 like	 earthen	pots	 and	 a	number	 of	 in	 situ	wooden	
Fig. 13: (a) Sediment  section  at  Makni  showing deformation in silty clay formation, (b) Sediment section at Dhuta along 
the left bank of Terna valley.
Fig. 14: Sediment section at Killari showing Fault at a depth of 6.20 m.





The	 structural	 feature	 observed	 in	 this	 section	 is	 the	
northwest	dipping	normal	fault	trending	N-S	(Fig.	14).	The	
observed	fault	appears	to	be	a	secondary	manifestation	of	a	
deep-seated	disturbance	 in	 the	area.	Surface	 faults	 are	not	
reported	in	the	region.	Ancient	faults	are	likely	to	be	present	
below	the	Deccan	trap	volcanic	cover	and	do	not	have	any	
direct	 expression	on	 the	 surface.	Hence,	 it	becomes	neces-
sary	that	geomorphic	evidences	indicating	tectonic	activity	
have	to	be	linked	with	seismicity	via	drainage	pattern,	soft	










































intensity	of	deformation	observed	 in	 individual	 layers	 that	












CI VI SSI HSI TSI
1 8.60 8.52 8.36 1.033 1.020 1.014 39.39 60.61
2 9.72 9.70 8.52 1.141 1.138 1.002 2. 13 97.87
3 6.48 6.35 5.76 1.125 1.102 1.020 18.40 81.60
4 5.28 5.04 4.68 1.128 1.077 1.048 39.84 60.16
5 7.32 6.97 6.25 1.171 1.115 1.050 32.75 67.25
6 6.49 6.44 5.76 1.127 1.118 1.008 56.52 43.48
7 5.76 5.54 5.08 1.134 1.091 1.040 32.75 67.25
8 6.00 5.78 5.40 1.111 1.087 1.022 21.62 78.38
9 5.64 5.62 5.40 1.044 1.041 1.004 6.82 93. 18
10 7.49 6.94 6.25 1.198 1.110 1.079 44.44 55.56
11 9.72 9.24 8.43 1.153 1.096 1.052 37.25 62.75
12 8.88 8.16 8.04 1.104 1.015 1.088 85.58 14.42
13 7.08 6.27 6.09 1.163 1.030 1.129 81.60 18.40
14 6.24 5.48 4.08 1.529 1.343 1.138 35. 16 64.84
15 8.16 7.23 6.25 1.306 1.157 1.129 48.69 51.31
16 6.61 5.66 5.16 1.281 1.097 1.168 65.48 34.52
17 6.27 5.60 5.25 1.194 1.067 1.119 65.45 34.55
18 7.32 6.25 5.52 1.326 1.132 1.171 59.51 40.49
19 5.28 4.49 4.20 1.255 1.069 1.176 69.33 30.67
20 4.44 3.79 3.46 1.284 1.094 1.174 66.90 33. 10
CL – Channel length, VL – Valley length, AL – Air length, CI – Channel index, VI – Valley index, SSI – Standard Sinuosity Index,  
HSI – Hydraulic sinuosity index, TSI – Topographic sinuosity index










River	 basin	 have	 been	 divided	 into	 three	 informal	 forma-
tions	including	(i)	dark	grey	silt	formation	–	Late	Holocene,	












































Tab. 4: Data on age dating of Quaternary Sediments.
Lab No. Sample ID Location Depth cm uncal 14C Date year BP Ref. Fig. 
PRL-3154 TTE-1 Ter 284 570+/-340 Fig.10
PRL-3155  TTE-2 Ter 565 1,850+/-120 Fig.10, 12
PRL-3153 TMK-2 Makni 255 1,300+/-140 Fig. 13 (a)
PRL-3157 TDU-1 Dhuta 211 1,010+/-110 Fig. 13 (b)
PRL-3150 TKL-2 Killari 590 Modern Fig. 14
KL-1 KL-1 Killari 610 590+/-167 Fig. 14
KL-2 KL-2 Killari 622 595+/-141 Fig. 14
* based 14C half-life=5730 yr
Fig 15: (a) Sediment section at Killari showing Folding in lower part at a depth of 3.87 m, (b) Sediment section at Killari 
showing Warp at a depth of 2.60 m in a burn layer.
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